Records of public water-supply wells in the study area The major aquifers in the study area are the Tuscaloosa, Pottsville, and Bangor aquifers.
The Pottsville aquifer is the most extensively used in the study area.
The aquifer consists of sandstones and conglomerates having fractures and bedding planes and weathered zones where decomposition has reduced rocks to sand and gravelly sand.
The Tuscaloosa aquifer is used primarily in the western and southwestern part of the study area and is composed of sands and gravels in the Tuscaloosa Group.
The Bangor aquifer, the least used aquifer in the study area, consists of limestone having bedding planes, solution cavities, and fractures.
All three aquifers are recharged throughout their outcrop areas and are susceptible to contamination from the surface within these areas. The Tuscaloosa aquifer is the most susceptible aquifer to contamination within the study area. Absence of confining layers, shallow depth to the water surface, and relatively uniform porosity and permeability of aquifer materials permit contaminants in water to move downward to the aquifer.
The Pottsville and Bangor aquifers are less susceptible to surface contamination than the Tuscaloosa aquifer.
Both aquifers generally have lower permeability and receive less recharge than the Tuscaloosa aquifer; this makes surface contamination less likely.
INTRODUCTION
The Alabama Department of Environmental Management (ADEM) is developing a comprehensive program in Alabama to protect ground water defined by the U.S. Environmental Protection Agency (EPA) as "Class I and II" from surface contamination (U.S. Environmental Protection Agency, 1984). The U.S. Geological Survey, in cooperation with ADEM, is conducting a series of geohydrologic studies in Alabama to delineate recharge areas of the major aquifers and areas susceptible to contamination. This report covers a six-county area in northwestern Alabama that includes Cullman, Fayette, Lamar, Marion, Walker, and Winston Counties ( fig. 1 ).
Location and Extent of the Area
The study area is located in northwestern Alabama and comprises an area of about 4,133 square miles. The area includes the cities of Cullman, Jasper, Fayette, Hamilton, Vernon, and Haleyville (plate 1) and numerous other small communities and towns.
Total population of the area in 1982 was 217,680 (Alabama Department of Economic and Community Affairs, 1984) . The area is 80 percent rural and 20 percent urban or suburban. Public water systems in the western part of the area are mainly dependent on ground water; those in the eastern part rely mainly on surface water.
Most self-supplied homes use ground water.
jPurpose and Scope
The purposes of this report are to delineate the major aquifers within the study area and their recharge areas, and to describe the geohydrology of the major aquifers and the susceptibility of these aquifers to contamination from the surface.
All wells used for public supplies were inventoried and water-level measurements obtained where possible. These data and water-level data from previously published reports were used to prepare generalized potentiometric maps of the major aquifers in the study area (plate 1).
Previous Studies
Several reports describing the geology and ground-water resources for individual counties in the study area have been published.
These reports include the results of well inventories and water-level measurements. Additional data used in this report were obtained from "Ground water resources of the Cretaceous area of Alabama" (Carlston, 1944) and "Surface water resources and hydrology of west-central Alabama" (Peirce, 1959) .
physical Features
Parts of the Appalachian Plateaus and Coastal Plain physiographic provinces are included in the study area (Sapp and Emplaincourt, 1975) . Each province is subdivided into sections and each section into districts. Only two districts are present in the study area: the Warrior Basin district of the Cumberland Plateau section of the Appalachian Plateaus province, and the Fall Line Hills district of the East Gulf Coastal Plain section of the Coastal Plain province ( fig. 1 ). The altitude of the land surface generally ranges from about 250 feet in the southwest part of the study area to 1,100 feet above sea level in the northeast part of the study area.
The Warrior Basin district, which comprises about two-thirds of the area, consists of a dissected peneplain of moderate relief that is underlain predominantly by sandstone and shale. The Fall Line Hills district consists of dissected uplands with some flat, broad ridges underlain by unconsolidated gravel, sand and clay.
Most of the study area is drained by tributaries of the Tombigbee and Black Warrior Rivers.
A small part of the study area is drained by tributaries of the Tennessee River.
Lewis Smith Lake, a reservoir on the Sipsey Fork of the Black Warrior River, is a source of hydroelectric power, and is a major source of industrial water for the city of Birmingham.
GEOLOGY
The study area is underlain by geologic formations of Paleozoic and Mesozoic ages ( fig. 2 and table 1) .
Paleozoic rocks that crop out in the region are of Mississippian and Pennsylvanian Systems.
The only Mesozoic rocks are those of the Cretaceous System.
The following descriptions of geology were derived from Causey and others (1972) , Faust and Jefferson (1980) , Knight (1972) , O 1 Rear and others (1972), and Wahl and others (1971) .
Mississippian System
Formations of the Mississippian System that crop out in the study area include the Bangor Limestone and Parkwood Formation. The Bangor Limestone has small outcrops in the northern part of the study area and is a source of water for public supply in the towns of Grayson and Addison in Winston County. The Bangor Limestone is a major aquifer north of the study area.
The Parkwood Formation consists of shales and mudstones and crops out along the northern margin of the study area. Because it is not considered as a major aquifer, the Parkwood Formation will not be further described in this report. 
Bangor Limestone
The Bangor Limestone crops out in the study area only in the northern part of Cullman and Marion Counties.
It is overlain by the Pottsville Formation in Cullman County and by the Parkwood and Pottsville Formations in Winston and Marion Counties. The Bangor Limestone consists mainly of thin-to thick-bedded bioclastic and oolitic limestone interbedded with some clay and cherty limestones that dip to the southwest.
The formation ranges in thickness, based on oil-test well sample descriptions and exposures in adjacent counties, from 375 to 600 feet.
Pennsylvanian System
The Pennsylvanian System is represented in the study area by the Pottsville Formation. This formation crops out over about two-thirds of the study area ( fig. 2 ) .
Pottsville Formation
The Pottsville Formation crops out mainly in the eastern two-thirds of the study area. It consists of consolidated and tightly cemented interbeds of quartzose sandstone, shale, siltstone, conglomerate, clay, limestone, and several bituminous coal beds that dip toward the southwest. The thickness of the formation ranges from 375 feet in the northern part of the area to 4,000 feet in the southern part.
Cretaceous System
Unconsolidated rocks of Cretaceous age that crop out in the area include the Coker, Gordo, and Eutaw Formations. The Eutaw Formation caps only a few hills within the study area, and is not considered a major aquifer in the study area.
The Coker and Gordo Formations are in the Tuscaloosa Group in this report.
Tuscaloosa Group
The Tuscaloosa Group crops out mainly in the western part of the study area ( fig. 2 ). It consists of unconsolldated sand, gravel, and clay that dip gently toward the southwest.
The Tuscaloosa Group unconformably overlies rocks of Pennsylvanian age, and ranges in thickness from 50 to 400 feet ( fig.  3 ). Massive beds of highly-permeable gravel and gravelly sand commonly occur near the base of the Tuscaloosa Group and are normally underlain by a thick basal clay. 
HYDROLOGY OF THE MAJOR AQUIFERS
There are three major aquifers in the study area; the Bangor aquifer, Pottsville aquifer, and Tuscaloosa aquifer ( fig. 3 and table 1) . The Tuscaloosa aquifer consists of unconsolidated sands and gravels of the Tuscaloosa Group.
The Tuscaloosa aquifer is a major aquifer in the western part of the study area.
Ground water in the Tuscaloosa aquifer occurs in relatively uniform permeable sand and gravel deposits usually under watertable conditions.
The depth to the water table generally is less than 75 feet. Additional data on the depth to the water table are given in table 2.
The quantity of water available from the aquifer is dependent on the saturated thickness, areal extent, and permeability of the sands and gravels penetrated by the well.
The Pottsville aquifer is the most extensively used aquifer in the study area. Water in the Pottsville aquifer occurs under confined conditions due to sharp contrast in permeability within the aquifer. Ground water usually occurs at depths of less than 200 feet in secondary features such as openings along fractures and bedding planes and in weathered sandstone and conglomerate beds. Only small amounts of ground water suitable for domestic use are available in the weathered deposits. The quantity of water available to wells throughout the remainder of the aquifer depends on the size and extent of the waterbearing openings.
The Bangor aquifer crops out along and north of the northern margin of the study area.
Ground water in the aquifer usually occurs at depths less than 100 feet and is partially confined. Water in the Bangor aquifer occurs in secondary features such as joints, fractures, and bedding planes. These secondary features may become substantially enlarged into solution cavities due to the soluble nature of limestone.
The solution cavities could be a significant source of ground water, but the aquifer is not extensively used in the study area.
Recharge areas for the major aquifers, which coincide with their outcrop areas, are shown on plate 1. Also shown on plate 1 are generalized potentiometric surfaces of the Pottsville and Tuscaloosa aquifers and locations of public water-supply wells.
Construction of wells, water levels, and other pertinent well data are given in table 2.
Recharge and Movement of Ground Water
The source of recharge to the major aquifers in the study area is rainfall which averages about 52 inches per year.
A large part of the rainfall runs off during and directly after rainstorms, and most of the remainder is returned to the atmosphere by evaporation and transpiration by plants.
A small part infiltrates to the water table to recharge the aquifers. The recharging process is active throughout the outcrop area of the major aquifers.
Water-level measurements made during the periods of 1950-66 and 1946-68 from approximately 220 wells were used to construct generalized potentiometricsurface maps for the Tuscaloosa and Pottsville aquifers, respectively (plate 1) . Potentiometric surfaces shown on plate 1 generally represent averages for the aquifers. The water level altitude in any particular well may vary from the average to some extent depending on the depth of the well and the local geology.
The potentiometric surface for the Pottsville aquifer probably represents the general configuration of many local perched water tables that occur throughout the aquifer due to the interbedded and variable nature of the aquifer.
The maps show that ground-water movement within the aquifers generally is from hills and highland interstream areas to streams and other areas of natural discharge. Ground-water movement between aquifers generally is restricted due to the presence of confining beds, such as the clay at the base of the Tuscaloosa aquifer and in the Parkwood Formation between the Pottsville and Bangor aquifers.
Natural Discharge and Ground-Water Withdrawals
Most of the recharge to the major aquifers in the study area discharges through springs and seeps.
This discharge provides the base (dry weather) flow of streams, especially in the Tuscaloosa aquifer where streams are entrenched into the aquifer's basal gravelly zone.
The largest ground-water pumping centers in the study area are at the city of Hamilton in Marion County, which uses the Pottsville aquifer, and the city of Vernon in Lamar County, which uses the Tuscaloosa aquifer. Each of these cities withdraws about 1 Mgal/d (million gallons per day). No effects of these withdrawals are apparent on the potentiometric-surface maps for the Tuscaloosa and Pottsville aquifers. In fact, current water-level measurements made at Hamilton (table 2) indicate that these withdrawals have not affected the potentiometric surface.
Other cities and towns in the study area that depend on ground water for public supply include Beaverton, Millport, and Sulligent in Lamar County; Brilliant and Winfield in Marion County; Carbon Hill and Nauvoo in Walker County; Addison, Arley, and Lynn in Winston County; and Hanceville in Cullman County.
The estimated total withdrawal of ground w^t^r for public water supplies in the study area is about 3.5 Mgal/d. The cities of Cullman and Jasper use surface water for public water supplies as do several other smaller towns in the study area. The city of Cullman supplies water to most of Cullman County, and the city of Jasper supplies water to most of Walker County.
SUSCEPTIBILITY OF GROUND-WATER CONTAMINATION
All recharge areas for the major aquifers within the study area are susceptible to contamination from the surface (plate 1). However, most of the recharge areas are in rural terrains that are used for timberlands, farms, or pastures.
Because the Tuscaloosa aquifer consists of highly permeable, unconsolidated sands and gravels and occurs unconfined at relatively shallow depths, water can easily infiltrate into the aquifer. Owing to these factors, the Tuscaloosa aquifer is somewhat more susceptible to contamination than the other aquifers in the study area.
The Pottsville and Bangor aquifers also are susceptible to contamination from the surface.
However, because these aquifers are indurated and tightly cemented, they generally have less permeability than the Tuscaloosa aquifer. Water enters these aquifers in recharge areas through vertical fractures and horizontal bedding plane openings usually along routes within more permeable layers in the aquifer. These fractures and openings commonly have only local extent.
Consequently, contaminants entering these aquifers may not disperse as widely as in the Tuscaloosa aquifer but could create localized areas of contamination.
CONCLUSIONS
Three major aquifers are used for public water supplies in the study area.
The Tuscaloosa aquifer, which consists of sands and gravels in the Tuscaloosa Group, is used primarily in the west-southwestern part of the study area to supply several public water systems.
The Pottsville aquifer, which is composed of fractures, bedding plane openings, and weathered zones in sandstones and conglomerates in the Pottsville Formation, is the most extensive aquifer in the study area.
The Pottsville aquifer is used by the city of Hamilton and by several other towns in the study area. The Bangor aquifer, which is composed of limestone bedding plane openings, fractures, and solution cavities is the least used.
Only two public water systems in the northern part of the study area withdraw water from the aquifer. The recharge areas for the major aquifers coincide with their outcrop areas.
All recharge areas for the major aquifers are susceptible to contamination from the surface.
The lithologic characteristics and the lack of confining layers in and above the Tuscaloosa aquifer enhance the probability of surface contamination because water can rapidly infiltrate into the aquifer. The Pottsville and Bangor aquifers are also susceptible to contamination from the surface. The lack of directionally uniform permeability of these aquifers lowers the probability of widespread contamination of the aquifers. In areas where the Pottsville aquifer is deeply weathered, infiltration into and movement of water through the aquifer will be similar to that in the Tuscaloosa aquifer. 
